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ABSTRACT

It has been hard to establish with certainty that radiation exposure
is a risk factor for developing hyperparathyroidism. In part this is
because many cases of hyperparathyroidism remain asymptomatic
and escape clinical detection. We present results from a study of 2555
subjects who received external beam radiotherapy to the head and
neck area for benign conditions before their 16th birthday between
1939 and 1962. The average length of follow-up was 36.6 yr. There
were 36 confirmed cases of hyperparathyroidism. Based on a relative

risk model, the excess relative risk increased significantly by 0.11/
centigray; however, the confidence interval was wide (95% confidence
interval, 0.0-17.2). The hyperparathyroidism rates and dose-re-
sponse relationships were not affected by gender or age at first ra-
diation treatment. The demonstration of a dose-response relationship
within an irradiated cohort supports an association between radiation
exposure and hyperparathyroidism and suggests that the calcium
levels of individuals irradiated to the head and neck area should be
monitored. (J Clin Endocrinol Metab 80: 254-257, 1995)

YPERPARATHYROIDISM is generally considered one
of the conditions arising in radiation-exposed indi-
viduals, but the evidence supporting this conclusion is lim-
ited. In part this is because hyperparathyroidism may be
clinically undetected for a long period of time. Fujiwara et al.
(1) studied 3948 atomic bomb survivors and found that hy-
perparathyroidism developed in 3 of 1583 nonexposed and
16 (compared to 4.8 expected) of 2365 exposed individuals.
Tisell et al. (2) reported 63 cases of hyperparathyroidism in
444 people treated with x-rays for tuberculous cervical ad-
enitis. In both studies a significant dose-response was noted.
The relationship between radiation and hyperparathyroid-
ism is supported by a number of case-control studies (3-6).
However, these studies do not allow risk estimates to be
calculated, and they are limited by the well known problem
of obtaining an accurate history of childhood radiation ex-
posure, especially among the controls.

We are studying a cohort of patients who were irradiated
for benign head and neck conditions before their 16th birth-
day at Michael Reese Hospital in Chicago (7). Our previous
observations of hyperparathyroidism in this cohort were
based on comparisons with general population rates (8). As
we recently estimated thyroid gland doses for individual
study subjects (7), we now can examine the dose-response
relationship for hyperparathyroidism. The findings confirm
the association between radiation and hyperparathyroidism,
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provide an estimate of the excess relative risk, and permit an
analysis of other risk factors.

Subjects and Methods
Population at risk

The population at risk consists of 4296 patients who received external
beam radiation therapy at our institution between 1939 and 1962 for
benign conditions in the head and neck area before their 16th birthday.
Criteria for including subjects in the cohort, screening efforts, and thy-
roid dosimetry were described recently (7). The dose estimates estab-
lished for the thyroid are used here as estimates of the average dose to
the parathyroids.

Follow-up

Of the 3843 subjects for whom dosimetry was completed, 2555 have
been located and have provided information concerning nonthyroid
tumors and their general health. All reports of parathyroid tumors and
hyperparathyroidism were confirmed by reviewing records of any cal-
cium and PTH measurements as well as any surgical and pathology
records. Hyperparathyroidism was defined as elevated calcium with an
elevated PTH level (above the upper limit of normal established by the
individual laboratory) or surgical correction of hypercalcemia by the
removal of one or more parathyroid glands. Cases in which parathyroid
enlargement was encountered during the course of thyroid surgery and
the preoperative calcium level was normal or unknown were excluded
from the current analysis. For patients with hyperparathyroidism, per-
son years at risk (P-yr) were calculated from the time of initial radiation
exposure until surgery or, for those without surgery, until the date of
diagnosis. For subjects without hyperparathyroidism, P-yr were accrued
until the end of follow-up or August 1, 1993, whichever came first.

Statistical methods

Poisson regression methods were used to fit a relative risk model.
Maximum likelihood parameter estimates, score tests for nested models,
and likelihood-based confidence intervals were obtained using the Am-
fit regression program (9). Details of the models were previously de-
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scribed (7). The data were cross-classified by sex, age at radiation treatment
(<1, 1-4, 5-9, 10-14, and >=15 yr), radiation dose to the parathyroids in
centigrams (<5, 5-9, 10-14,15-19, 20-29,30-39, ... , 90-99, 100-199, and
>=200 cGy), time since treatment (0-4, 5-9, . . . . and >=45 yr), and calendar
year intervals for date of last follow-up (1935-39, ..., 1965-69, 1970-73,
1974-79, 1980-1984, and >=1985), For each cross-classification cell, the num-
ber of observed cases of hyperparathyroidism and P-yr and P-yr-weighted
means for several variables were computed (9).

Results

Of the 2555 subjects with completed dosimetty and follow-
up, 36 (1.41%) developed clinically confirmed hyperpara-
thyroidism. Twenty-six patients had surgically confirmed
adenomas, including 1 with adenomas in more than 1 gland
surrounded by normal parathyroid tissue. Another 5 had
parathyroid hyperplasia, and 2 had surgery with patholog-
ical findings that did not allow classification as adenoma or
hyperplasia. Three patients had hyperparathyroidism, but
did not undergo surgery. All but 1 of the cases received
radiation treatment to the tonsils and nasopharynx, the most
common site of treatment in this cohort, and 4 received 2
courses of treatment. Seven of the cases had a history of
kidney stones, 1 had a history of peptic ulcer disease, and 2
had a less well defined history of gastrointestinal problems.
There were 4 parathyroid adenomas not included in the
analysis; 3 were associated with normal calcium levels, and
1 was of unknown function.

The mean ages at occurrence were 41.7 yr for men and 39.8
yr for women. As shown in the cumulative probability plot
for hyperparathyroidism (Fig. 1), the first case was diag-
nosed and operated upon 20 yr after the initial radiation
exposure. Hyperparathyroidism continues to occur and by
the end of follow-up, the fraction of patients with hyperpar-
athyroidism approaches 5%.

The overall crude rate of hyperparathyroidism was 3.9
cases/10'P-yr (Table 1). After adjusting to reflect persons
with attained age of 35-45 yr, the rate of hyperparathyroid-
ism was 9.4 cases/10°'P-yr. The adjusted rates did not vary
significantly by gender or age at first radiation treatment, but
the rates did increase with increasing time (calculated as
attained age, years since treatment, or calendar year).

The mean parathyroid dose for the 36 cases was 77.1 cGy,
compared to 58.3 cGy for the entire study cohort. For the 26
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Fic. 1, Kaplan-Meier cumulative probability plot for hyperparathy -
roidism ( 10). The intersecting vertical lines indicate decrements of 500
subjects from the 2555 initially at risk.

Table 1. Numbers of hyperparathyroidism cases, adjusted rates,
and tests of significance for main effects

No. of cases Adjusted rate X 10" P value
Overall 36 9.4
Sex
Males 19 8.6 0.59
Females 17 10.3
Age at Rx (yr)
<5 25 11.4 0.27
>=5 11 6.4
Attained age
(yn)
<35 11 1.4 <.001
35-44 13 9.4
>=45 12 33.8
Yr since Rx
<30 9 1.4 0.02
30-39 14 9.2
>=40 13 25.4
Calendar year
<1974 2 0.3 <.001
1974-1979 13 10.0
>= 1980 21 16.7

‘Adjusted to reflect persons with attained ages 35-44 yr. The
crude overall rate is 3.9/10°P-yr.

patients with parathyroid adenomas, the mean dose was 83.6
cGy. Although we used a single dose for the parathyroid
glands, the superior glands received a larger dose than the
inferior glands because the radiation was directed to the
posterior pharynx. The distribution of the 27 parathyroid
adenomas (in 26 patients) was 16 in the superior location
(10 left and 6 right) and 11 in the inferior location (5 left,
5 right, and 1 mediastinum). The most consistently re-
ported characteristic of the adenomas was their largest
dimension (available for 13 superior and 8 inferior ade-
nomas). By this measure, the superior adenomas tended to
be larger (21 mm compared to 18 mm). Neither this dif-
ference nor the difference between the observed locations
of the adenomas and random locations was statistically
significant.

The distribution of cases, disease rates, and relative risks
by radiation dose is given in Table 2. As there was no group
of nonirradiated subjects undergoing comparable follow-up,
the group that received parathyroid doses of less than 50 cGy
was used for comparison. The dose-response relationship is
shown in Fig. 2. Although the point estimate of the dose
response [excess relative risk (ERR)/cGy] is large, the lower
confidence limit is zero. The risk pattern does not appears to

Table 2. Cases of hyperparathyroidism, P-yr risk, rates, and
relative risks (RR) by dose categories

Dose tcGy)
<50 50-59 60-69 =70 Total
Cases 8 15 5 8 36
P-yr 28,153 29,744 14,639 21,037 93,573
Mean dose (cGy) 34.9 52.4 643 - 1004 58.3
Rate x 10* 2.8 5.0 34 3.8 3.9
RR* 1 2.04 1.36 1.40
95% C1 0.9-49 04-42 05-38

CI, Confidence interval.
“ RRs are adjusted for attained age, calendar year and sex. The
estimated ERR/cGy was 0.11 (P = 0.05), with a 95% CI of 0.0-17.2.
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Fic, 2. Dose-response pattern for hyperparathyroidism. The vertical
position of each point gives the relative risk for the dose category, and
the error bars show the 95% confidence intervals. The horizontal
position of each point gives the mean dose for each interval. The
dose-response line was adjusted to pass through the point at 34.5 cGy,
the mean dose for the less than 50 cGy group, which was used for
comparison. The fitted regression line is relative risk = (1 + 0.11 x
dose)/(1 + 0.11 x 34.9). The 95% confidence interval for ERR/cGy is
0.0, 17.2.

be monotonic, with a possible plateau above 50 cGy (Fig.
2). However, the confidence intervals for the individual
relative risks are wide; therefore, it was not possible to
compare alternative forms of the dose-response relation-
ship.

Detailed analyses of variation in the dose-response curve
were limited due to the small number of cases, but no sta-
tistically significant changes in the slope of dose-response
relationship were seen as a function of gender, age at treat-
ment, or three measures of time (attained age, years since
treatment, and calendar year of diagnosis).

Discussion

We previously reported that the prevalence of hyperpar-
athyroidism in this cohort, shown in Fig. 1 to approach 570,
was higher than that in the general population (8). However,
we were not able to exclude with certainty the possibility that
this was due to ascertainment bias. Hyperparathyroidism is
often asymptomatic, and its incidence increases with age
(11). Although the study subjects have not been screened
routinely with serum calcium determinations, they have
been advised of their radiation exposure and have been
screened for thyroid nodules. The large increase in the rate
of hyperparathyroidism from before to after 1974, the year in
which thyroid screening began, is probably due in part to
increased medical attention. In the general population, the
incidence of hyperparathyroidism is approximately 2-fold
higher in women than in men (11). The equal rates observed
in this cohort are consistent with an effect of radiation. The
dose-response relationship observed in this study provides
confirmation that radiation exposure can lead to hyperpar-
athyroidism.

Among a subsample of almost 4000 clinically examined
atomic bomb survivors, the overall ERR/cGy was 0.031, but
the ERR/cGy for children aged 5 yr at the time of the bomb-
ing was 0.10 (I). In our study, which is limited to childhood
exposure, we observed a very similar ERR/cGy, but we did
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not detect an effect of age at exposure. In the atomic bomb
survivor study, the range of ages at exposure was from
infancy to old age, and the results provide some evidence of
a trend for decreasing risk with increasing age at exposure.
As in our study, no difference in risk with gender was ob-
served. Another study of atomic bomb survivors in Hiro-
shima Prefecture reported a significantly elevated risk of
parathyroid tumors, ascertained from a tumor registry, di-
agnosed between 1974-1987 among persons proximally ex-
posed to the bomb compared to a nonexposed population
(12).

Although the magnitude of the excess relative risk (11 at
1.0 Gy) is substantial, the confidence interval for the dose-
response estimate is broad. The similarity of the ERR/cGy in
the clinically examined atomic bomb survivors lends support
to our finding. However, the interpretation of these point
estimates is uncertain because they are based on thyroid,
rather than parathyroid, doses. In addition, as reported pre-
viously (7), there are uncertainties because rectangular fields
were incompletely described as to whether they were ori-
ented horizontally or vertically. On the other hand, it may be
that the parathyroid glands, like the thyroid gland, are highly
sensitive to radiation. Indeed, the magnitudes of the risk
estimates are consistent with those observed for thyroid can-
cer in a pooled analysis of seven studies of childhood radi-
ation exposure (Ron, E., et al., in preparation) and for benign
thyroid tumors in the Michael Reese Hospital cohort (7), a
cohort of children irradiated for lymphoid hyperplasia in
Boston (13), and children irradiated for tinea capitis in Israel
(14).

In summary, the dose-response relationship provides ev-
idence that radiation exposure causes hyperparathyroidism.
Although some cases of hyperparathyroidism are asymp-
tomatic and do not require surgery, others cause significant
morbidity, including nephrolithiasis and metabolic bone dis-
ease, and can become life threatening (15). Therefore, calcium
should be measured periodically and indefinitely (every 1-2
yr at the time of general checkups would be reasonable) in
all individuals who have been exposed to head and neck
radiation.
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